Extremely divergent traits between males and females are often the result of different requirements and behaviours of the sexes and will evolve relatively rapidly under selection forces. Sexual dimorphism in Rhopalapion longirostre is predominately manifested in the length and structure of the rostrum. To estimate how sexual selection shapes mating success in this weevil we compared paired and unpaired individuals collected from three populations in Austria. The mating process in this species is complex and lengthy. Statistical analyses based on detailed observations of their mating behaviour revealed that matched pairs show functional affinities in body size. Females and males with larger elytra, as well as males with large overall body size, are favoured mating partners, while males that are too small have no mating success. This arrangement ensures copulation and consequently successful egg deposition. For efficient egg channel boring into the flower buds of the host plant, Alcea rosea, the extremely long female rostrum is a crucial tool. Natural selection promotes longer rostra in females whereas sexual selection favours the shorter rostra in males. The major evolutionary forces, natural and sexual selection, enhance the sexual dimorphism in this species.
INTRODUCTION
The relative importance of natural and sexual selection has intrigued biologists ever since both forces were conceptualized through the joint efforts of Darwin and Wallace in 1859. Wallace defended natural selection as the single most important force in evolution, while Darwin argued that some males gain an advantage over other males and pass this advantage to their male offspring alone. The importance of this observation led him to designate this form of advantage as sexual selection. He agreed with Wallace that in most cases it is difficult or even impossible to distinguish between the effects of natural and sexual selection (Darwin, 1875) .
Extreme sexual dimorphisms in arthropods are often the results of different behaviours, habits, or physiological aspects in the life cycles of the sexes (Møller, 1994; Rutowsky, 1997; Bolnick & Doebeli, 2003; Allen, Zwaan & Brakefield, 2011) . The Brentidae originated in the mid-Cretaceous, and they diversified alongside the rapid radiation of Angiosperms into numerous lineages with special demands for egg deposition, e.g. in stems, inflorescences, fruits, or seed pods (Oberprieler, Marvaldi & Anderson, 2007) . The evolution of the 'oviposition rostrum' (Anderson, 1995) led to the endophytic development of larva. The ancestral short rostrum began to vary in size between the sexes (Oberprieler et al., 2007) . Among the nine weevil species, which are associated with Malvaceae, Rhopalapion longirostre is the only one exhibiting extreme sexual dimorphism in the size and structure of the rostrum (Freude, Harde & Lohse, 1983) . In the female, it is much longer than in the male and its surface is smoother. In a previous study we showed that the elongated female rostrum is utilized in egg channel boring prior to egg deposition into the flower buds of the host plant Alcea rosea (Malvaceae). We interpreted the elongated female rostrum to be a consequence of natural selection (Wilhelm et al., 2011) . In contrast, the male rostrum is short, thick and densely covered with setae and minute pores. Based on preliminary observations of mating behaviour we assume that male courtship is a key component in the reproductive process of this species and that the male rostrum plays an important role during mating. There might be some selective forces to keep the male rostrum short. We hypothesize that sexual selection reinforces the sexual dimorphism between the female and male rostra.
Variation in body size and assortative mating are widespread in beetles, e.g. the curculionid beetle Diaprepes abbreviatus L. (Harari, Handler & Landolt, 1999) , Anthribidae (Mermudes & Napp, 2006; Mattos, Mermudes & Moura, 2014) , as well as many scarab beetles (Emlen, Hunt & Simmons, 2005; Kawano, 2006; Emlen, Lavine & Ewen-Campen, 2007) . The food supply to beetle larvae is crucial for the development of the final size of imagoes and is a major component of ecological contribution to phenotypic variation (Brown & Rockwood, 1986; Eberhard & Gutiérrez, 1991; Moczek & Emlen, 2000; Shafiei, Moczek & Nijhout, 2001; Sato & Suzuki, 2001; Moczek, 2003; Hanks, Paine & Millar, 2005; Amarillo-Suárez, Stillwell & Fox, 2011) . The imagoes of R. logirostre vary noticeably in body size. This is due to the differently sized seed capsules of Alcea rosea. The last instar consumes one seed which is limited in size by the stiff walls of the seed capsule, and afterwards undergoes metamorphosis within the seed capsule (Wilhelm et al., 2011) . Body size variation in a species is a prerequisite for size-assortative mating (Brown et al., 1989) , as well as for functional assortativity. We regard the harmonized interplay of matching body parts in the couples during the mating process as an example of functional assortativity. In this paper, we attempt to determine how males find optimal females who accept them as suitable partners and whether sexual selection and size-assortative mating occur.
Therefore, we focused on the following main questions: inflorescences with large and small flower buds in various stages of maturity. Both unmated specimens and pairs of mated specimens were collected and stored in 70% ethanol. Chord lengths (CLs) of rostra and lengths of elytra (ELs) of both sexes were measured with a Nikon measuring microscope MM-40. To ensure accuracy we took all measurements twice and calculated the arithmetic mean. The CL of the rostrum is the distance measured from the apex of the rostrum (without mouthparts) to the anterior eye edge on the head capsule. We measured the EL from the base of the male or female scutellum to the apex of the male or female elytra (Fig .1) .
STATISTICAL ANALYSES
Using the measured distances, we compared mating pairs with single males and females to provide data SEXUAL SELECTION IN RHOPALAPION LONGIROSTRE 39 on sexual selection, and pairs only, for size and functional assortativity. We used a multivariate selection model with linear and non-linear terms (Phillips & Arnold, 1989) . The calculations were performed using the package 'Computer intensive statistics ' (Nemeschkal, 1999) . In accordance with the theoretical background of the model of Lande & Arnold (1983) , we assigned properties of one sex, e.g. EL and CL of females, as the fitness component to the other sex. Further, we designated properties of the other sex, e.g. male rostrum (CL), EL and the male overall body size, as the predictors in linear and quadratic terms to analyse the influences of directional, stabilizing or disruptive selection and correlational selection. For a strict application of the Lande and Arnold model, the quadratic terms should be taken twice (Lande & Arnold, 1983 : 1217 . In our case, this had no relevance on the outcome. For simplification, we took the primary parameter estimations of the regression model. All outcomes of the regression analyses were Bonferroni corrected. The Bonferroni corrected significance of parameters is marked as BC (bold letters in Tables 1 and 2 ). Sexual selective episodes and assortative mating were analysed separately.
ANALYSES OF SEXUAL SELECTIVE EPISODES
Our statistical analyses centred on the mating behaviour of R. longirostre and consequently on body parts which are crucially involved in the mating process.
Paired versus unpaired individuals (Table 1)
In a first series of analyses we relied on paired versus unpaired individuals of the three populations to determine in which traits a pre-decision regarding sexual selection occurs. We defined 'paired' as females with males on their backs, which bore egg channels into a flower bud; in addition, the accompanying male was defined as 'paired'. First, in our regression analyses we focused on paired versus unpaired females, taken as the individual fitness component (i.e. criterion). As predictors, we used female CL (i.e. rostrum length) and EL; the latter measurement is a common indicator for body size of weevils (Freude et al., 1983) . Second, similar to females, we focused on paired versus unpaired males, taken as the individual fitness component (i.e. criterion), and we used single male characters, i.e. CL and EL as predictors. The Bonferroni corrected significance of parameters is marked by BC (bold letters). Abbreviations: site 1, Haslau; site 2, Vienna; site 3 Pörtschach; CL, chord length; CLEL, chord length + elytra length; EL, elytra length. P-values with levels of significance (one-sided) P > 0.1, no significance; 0.1 The Bonferroni corrected significance of parameters is marked by BC (bold letters). Abbreviations: Site 1 Haslau, site 2 Vienna, site 3 Pörtschach; CL chord length, CLEL chord length + elytra length, EL elytra length. P-values with levels of significance (one-sided). P > 0.1 no significance, 0.1 ≥ P > 0.05 no significance but a trend, 0.05 ≥ P > 0.01 significant, 0.01 ≥ P > 0.001 very significant, P ≤ 0.001 highly significant.
Functional affinities between paired individuals (Table 2)
In a second series of analyses, we focused on paired couples only to find additional evidence for functional affinities, assortativities and disassortativities between males and females. To determine the importance of the male's role in mating, we calculated a regression analysis, which considered single female characters as the criterion, i.e. individual fitness component, and single male characters as well as the total male body size, as the predictors.
Female elytra as the individual fitness component
The EL of the females was used as the individual fitness component (i.e. criterion), and the male CL, the male EL, and the male overall body length (CLEL) were separately employed as the predictors.
Female chord length as individual fitness component
We used the most important tool for egg channel boring, the female rostrum, i.e. the female CL, as the individual fitness component (criterion) and the male single characters, CL and EL, as well as the male overall body length (CLEL) as the predictors.
RESULTS
In the following section, we discuss the Bonferroni corrected results only.
STATISTICAL ANALYSES OF SEXUAL SELECTIVE EPISODES

Paired versus unpaired individuals (Table 1)
We found that, at site 1, paired females showed a stabilizing selective influence on rostrum length (−0.12222 (CL) 2 ). Females with intermediate rostrum lengths are more often paired than those with long rostra. In addition, there was a highly significant directional selective influence on longer female elytra (+0.23447 EL). At site 2, a very significant correlational selection on female rostrum length and elytra length (+0.17324 (CL × EL)) was present. At site 3, we found no significant dependencies regarding female characters. As with the females, we focused on paired versus unpaired males. At site 1, directional selection on shorter male rostra was very significant (−0.15723 CL). There was also a highly significant directional selection on longer male elytra (i.e. body length) (+0.45069 EL). Additionally, we found a highly correlational selection on the term of male rostrum and elytra length (+0.14976 CL × EL). In our analyses of sites 2 and 3, we found no overall significant dependencies. (Table 2) Female elytra as the individual fitness component At site 2, a highly significant directional selection on male EL was revealed. In addition, we detected a significant correlational selection on CL and EL of males (CL × EL). Directional selection on male overall body length (CLEL) was significant at site 1 and very significant at site 2.
Functional affinities between paired individuals
Female chord length as individual fitness component
In this analysis we took the exaggerated female rostrum, i.e. CL, as the criterion for individual fitness and the single male traits as well as the overall male body size as the predictors. In all three sites we found no significant correlations between female CL and male single characters. Additionally, there were no significant correlations between female CL and male overall body size.
DISCUSSION
Male and female choice, as well as size-assortative mating, are a focus in the discussion of sexual selection. Darwin (1875: 212) was convinced that among animals there always had been a struggle between the males for possession of females, and that the females have the opportunity of selecting a mate from several available males. In R. longirostre the female eventually decides on a convenient mating partner. When the male's pygidium is in an optimal position to permit copulation, the female will lower her pygidium ( Fig. 2A) . We interpret this behaviour to be an example of female choice (Eberhard, 1996; Van Dongen et al., 1997; Andersson & Simmons, 2006) . The male aedeagus enters her ovipositor for the transfer of spermatozoa into the spermatheca (Lyal, 2012) . Non-random mating increases the genetic variability in a population and the rate of evolutionary change (Harari et al., 1999) . In our three sampling sites we found more single males than females, a condition which favours female choice. Crespi (1989) , Andersson (1994) and Shuster (2009) suggested that mate availability, mating constraints and mate choice are dominant forces in the evolution of sexual selection. In this context, selection will favour mate preferences that lead to assortative mating and differences in mate size (Brown, 1993; Rutowsky, 1997; Servedio, 2007) .
To elucidate sexual behaviour and functional affinities between the sexes, we closely examined video sequences of the mating behaviour of R. longirostre (Wilhelm et al., 2011) . We focused on the importance of the male contribution to successful mating and obtained information on male courtship, male SEXUAL SELECTION IN RHOPALAPION LONGIROSTRE 43 guarding, male-male competition and female choice. Prior to the collection of our samples of paired and unpaired individuals, we assumed that a temporal pre-decision of mating couples had already occurred. Since we collected our samples in a very short time slot, we cannot exclude that non-mating individuals have not previously mated. Since both sexes are able to copulate several times with more than one partner, we cannot estimate fecundity. Wade & Shuster (2004) pointed out that male reproductive fitness depends on the fitness differences between mating and nonmating males; however, without paternity analyses this would be difficult to assess. After the first predecision, the male must fulfil certain functional requirements to be accepted by a female during the act of courtship (Fig. 2A) . Prior to mounting, the prospective male seeks a large female with long elytra. The male initiates mounting from any angle but soon repositions himself so that the tip of his rostrum lies in the same plane of direction as his potential mate. Male courtship behaviour during precopulation begins when he presses his body against the female's elytra by tightly clasping her body with his fore and mid-legs. Using tactile signs, the female may obtain information about the size of the male mounted on her back. During pre-mating, the male piggybacks on the female and uses the tip of his rostrum to stroke the upper surface of her rostrum. Presumably, this is to stimulate her. Aside from size information, the male may use his rostrum, which is spotted with pores, to emit olfactory information to the female who receives it with her antennae. If the male rostrum is too long, it will hinder the female during egg channel boring (Fig. 2C) . Therefore, sexual selection resulting in shorter rostra will be advantageous in males. Our observations regarding premating are confirmed in our statistical findings.
PAIRED VERSUS UNPAIRED INDIVIDUALS -A PRE-DECISION
Paired versus unpaired males (Table 1)
We measured traits of paired and unpaired males influenced by sexual selection. As expected, we found that, at site 1, paired males with shorter rostra (i.e. CL) were at an advantage, while males with longer rostra stayed unpaired. We surmise that directional selection for shorter male rostra occurred at site 2 as well (however, this result was cancelled after Bonferroni correction). Therefore, we hypothesize there might be an additional force that maintains the shorter male rostrum and is a consequence of sexual selection in the primary sense. We indicated that at site 1, paired males have large ELs, while males with very short elytra remained unpaired ( Fig. 2A) . Sexual selection thus separates males in two classes, those that mate and those that do not (Wade & Shuster, 2004) . Correlational selection on CL and EL appears in males at site 1. Consequently, male mating partners with short rostra, large elytra or highly correlated EL and CL (i.e. with higher phenotypic integrated characters) are more successful at obtaining mates.
Paired versus unpaired females (Table 1)
Regarding the females at site 1, we interpret the presence of directional selection with respect to female EL (i.e. body length) to infer that there is an increased fitness in paired females with larger elytra. Considering the quadratic regression terms, stabilizing selection occurs with respect to CL. Females at site 1 with an intermediate sized CL are more fit. If the curved rostrum is too short, the female is unable to bore the egg channel to an appropriate depth in the flower bud. However, one should be aware that the actual depth of the bore channel is equal to the CL in our statistical analyses. If the arched rostrum is too long, an appropriately sized bud for egg deposition may not be available. At site 1, we sampled specimens of R. longirostre from a wild population of A. rosea, which had average sized flower buds. Size differences in populations often depend on the available host plant sizes (Amarillo-Suárez & Fox, 2006; Fox & Czesak, 2006) .
In contrast, at site 2 the host plants were regularly watered. On average, they developed more and larger flower buds. Here correlational selection of the two measured traits occurs. With the introduction of the model of Lande & Arnold (1983) , which we used in our analyses, the importance of correlational selection was clarified. It is the force that functionally integrates traits to each other in the sense of phenotypic integration (Pigliucci & Preston, 2004) . Correlational selection favours particular combinations of two traits, expressed together in the same individual (Endler, 1986; Roff & Fairbairn, 2012) and is also responsible for optimal character combinations in natural populations. In our case, the related female traits seem harmonized; individuals with larger elytra have longer rostra, while smaller individuals have shorter rostra.
FUNCTIONAL AFFINITIES BETWEEN PAIRED INDIVIDUALS
After the pre-decision of both sexes, successful copulation may follow. When a female climbs on the flower buds to find an appropriate location for egg deposition with a male on her back, the couple is often exposed to heavy gusts of wind. The exposed male must cling to the female's body using his legs. His fore legs latch onto her between the thorax and abdomen, and his mid-legs clasp around her abdomen between the mid and hind legs. Similar mate-clasping behaviour is described in the water strider Gerris gracilicornis. Males with optimal size, relative to the females, hold their grasping appendages in an optimal position to guarantee the strongest grasping force which results in high mating success. Han et al. (2010) hypothesized that mategrasping behaviour, which involves a physical mechanism that can be visualized by a mechanical model, is responsible for sexual dimorphic body size and size assortativity in G. gracilicornis. In the sexually dimorphic stick insect Micrarchus hystriculeus, females are generally larger than males, and field-collected pairs were positively associated in body size. Thus larger males copulate with females of all sizes, while small males mate with small females only. Selection analyses suggest that the hind legs of male M. hystriculeus undergo a stabilizing sexual selection. The positive relationship between fecundity and body size in females -larger females have more eggs -indicates that the female-biased sexual dimorphism might be driven by natural selection. As in R. longirostre sexual dimorphism is derived from two forces. Natural selection favours larger females while sexual selection stabilizes the size of the male hind legs (Kelly, 2014). Brown (1993) concluded that assortative mating by size and body mass occurs in the chrysomelid beetle Trirhabda canadensis. In the curculionid beetle Diaprepes abbreviatus, assortative mating was identified as female and male mate choice that was sustained by male-male competition (Harari et al., 1999) . Further, in this beetle a prolonged male guarding conferred a higher fitness (Harari et al., 2003) . If male body size in R. longirostre is too small, the legs will be too short to enable the male to cling tightly to the female's body ( Fig. 2A) . Single males searching for females attempt to dismount the male from the female's back and will be successful if the male is unable to fully grasp the female. To fulfil the requirements for successful mating, the male's overall body size is most important since it must fit to the size of the female's elytra ( Fig. 2A, B) . Our statistical analysis of paired weevils provides support to our observations on copulation.
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Female elytra length as individual fitness component, male single characters and male overall body size as predictors (Table 2 ) Assortativity between paired individuals is a form of sexual selection. First, we looked for character affinities between the measured single traits. At site 2, size-assortative mating was apparent. Females with longer elytra mate with males that also have longer elytra. In addition, correlational selection occurs. Larger females favour males with integrated characters (i.e. CL and EL). Directional selection occurred at sites 1 and 2, when females with longer elytra favoured males with greater overall body size.
Female chord length as individual fitness component, male single characters and overall male body size as predictors (Table 2)
During the copulation phase, the prospective male partner remains on the female's back, while the female bores an egg channel using her long smooth rostrum to bite into a flower bud. The male's overall body size must exactly fit on the female's elytra, excluding the female rostrum (Fig. 2B) . Therefore it is evident why there are no significant correlations between the female long rostrum (i.e. CL) and the male single characters as well as the overall body size. These results confirm our hypothesis that the extremely long female rostrum is an instrument specified for egg channel boring and a consequence of natural selection only (Wilhelm et al., 2011) .
CONCLUSIONS
Both males and females of Rhopalapion longirostre are actively involved in the complex and lengthy mating process. Only couples with body sizes that match exactly can mate successfully. Based on our analyses, we are able to resolve Darwin's dilemma on the extreme sexual dimorphism in rostra lengths of certain species of weevils (Kirby & Spence, 1826; Darwin, 1875) . The interplay of natural and sexual selection is responsible for the appearance of differently sized rostra in R. longirostre, whereby the former promotes enlargement of the female rostrum and the latter force retains the short male rostrum.
